The oncoprotein Qin is a member of the winged helix family of transcriptional regulators. The region Cterminal to its winged helix DNA-binding domain is required for transformation of chicken embryo fibroblasts. We isolated the corepressor TLE1 as a binding partner for Qin in a yeast two-hybrid screen and localized the TLE1-binding region to a 60 amino-acid stretch directly Cterminal of the winged helix domain of Qin. We show in vivo interaction of full-length Qin and TLE1 in a mammalian two-hybrid system. Coexpression of TLE1-binding Qin and TLE1 induces phosphorylation of TLE1. The DNA-binding activity of Qin is not required for this function. Binding of Qin to TLE1 correlates with Qininduced transformation. Addition of the TLE1-binding motif WRPW to the C-terminus of a transformationdefective Qin deletion mutant restores binding to TLE1 and significantly enhances transformation. Expression of TLE1 in CEF by the retroviral vector RCAS enhances cell growth and induces formation of agar colonies.
Introduction
Qin is a transcriptional regulator of the winged helix (WH) family. It is the avian homolog of brain factor 1 (BF-1, also called FoxG1) and was isolated as the oncoprotein of avian sarcoma virus 31. Expression of both viral and cellular versions of Qin (cQin and vQin) induces oncogenic transformation in cultures of chicken embryo fibroblasts (CEF). The regions of Qin essential for oncogenic transformation of CEF include part of the carboxy (C)-terminal portion, the WH domain, and a small region that maps amino (N)-terminal to the WH domain (Chang et al., 1996; Sonderegger et al., 2003, accompanying paper) . In transient transfections, Qin and BF-1 act as transcriptional repressors (Li et al., 1995 (Li et al., , 1997 Ma et al., 2000; Yao et al., 2001) .
It was shown recently that a region of BF-1 located Cterminal to the WH domain interacts with the corepressor transducin-like enhancer of split 1 (TLE1), and this interaction enhances BF-1-mediated repression (Yao et al., 2001) . We have independently isolated TLE1 in a yeast two-hybrid screen as a Qin-binding protein. TLE1 belongs to a family of conserved transcriptional corepressors that are involved in a variety of cell differentiation events (Chen and Courey, 2000) . The founding member, Drosophila Groucho (Gro), and its vertebrate homologs, TLE1 to TLE4 (Stifani et al., 1992) , do not bind to DNA directly, but are recruited to the template by DNA-bound repressor proteins. Gro/TLE proteins are required for many developmental processes, including lateral inhibition of neurogenesis, segmentation, sex determination, dorsal/ ventral pattern formation and eye development (Chen and Courey, 2000) . Human TLEs are ubiquitously expressed, with highest expression levels in brain, liver and muscle (Stifani et al., 1992) . Among the Gro/ TLE-binding transcription factors are basic helixloop-helix proteins of the Hairy/Enhancer of split (Hes) family, Runt-homology domain proteins of the Runt/RUNX/AML family, homeodomain proteins like Drosophila Engrailed, and WH transcription factors like hepatic nuclear factor 3b and BF-1. Some transcription factors bind Gro/TLE with a very short binding motif like WRPW, VWRPY, FRPW or FxIxxIL (Chen and Courey, 2000) . Other Gro/TLEbinding transcription factors such as AML1 (acute myeloid leukemia 1, also called RUNX1), the homeobox protein NK4 or Dorsal interact with Gro/TLE by as yet unidentified motifs (Dubnicoff et al., 1997; Choi et al., 1999; Imai et al., 1998; Levanon et al., 1998) . Gro/ TLE proteins form tetrameric structures (Chen et al., 1998) . They can interact with histones and histone deacetylases, but they can also repress in a histone deacetylase-independent manner (Palaparti et al., 1997; Chen et al., 1999) .
Here we describe the isolation of TLE1 as a Qinbinding protein and localize the interaction domain to a 60 amino-acid (aa) region directly C-terminal of the WH domain of Qin. We present evidence for an important role of TLE1 in Qin-induced transformation. Binding of Qin to TLE1 induces phosphorylation of TLE1. Overexpression of TLE1 enhances the growth of CEF and induces anchorage-independent growth.
Results

A yeast two-hybrid screen identifies TLE1 as a Qin-binding protein
In order to elucidate the functions of the Qin C-terminal region in transformation of CEF and to identify proteins interacting with Qin, we performed a yeast two-hybrid screen. We identified the C-terminal region (aa 302-770) of TLE1 as specifically binding to Qin. This region of TLE1 includes part of the serine-and proline-rich SP domain and all of the C-terminal WD-40 repeat region, a protein-protein interaction domain well conserved among Groucho/TLE family members. The WD-repeat region as well as the N-terminal 135 aa of TLE1 have been shown to bind to BF-1 in vitro (Yao et al., 2001) . Interaction in the yeast two-hybrid system was further investigated. The TLE1 C-terminal region binds to full-length cQin, fused to the Ga14 DNAbinding domain (DBD), as well as to a small part directly C-terminal to the WH-domain (aa 243-339), suggesting that this region includes the TLE1-binding domain (Table 1) . Full-length TLE1, fused to the Ga14 transactivation domain (TAD), does not give detectable interaction with either of the Qin fusions, possibly because of low expression levels. It does however interact with a Ga14-DBD-fusion of the N-terminal region of Drosophila Engrailed, a known binding partner for the TLE1-homolog Groucho, thus confirming expression of the TLE1 fusion in yeast. All interactions with TLE1 fusions were too weak to be detectable by a b-galactosidase assay in the yeast strain used.
The major TLE1-binding domain in Qin is a region of 60 aa directly C-terminal of the WH domain
In order to localize the domain in Qin that is responsible for the interaction with TLE1, we performed in vitro GST pulldown-assays (Figures 1a and 2 ). Full-length cQin as well as a C-terminal deletion that ends at aa 339 bind strongly to GST-TLE1 but not to GST. In contrast, a Qin mutant that is truncated C-terminally of the WH domain (cQ1-245), binds extremely weakly, and a C-terminal fragment, extending from aa 335 to 451, does not bind to GST-TLE1. A construct encompassing a 97 aa stretch immediately C-terminal of the WH domain (aa 243-339), and an even shorter fragment, consisting of aa 243-302, bind strongly to GST-TLE1. Deletion of this TLE1 binding domain as in cQD246-334 decreases TLE1 binding to an extremely low, albeit still detectable level, suggesting that other regions in Qin might contribute to the interaction with TLE1. Addition of the common TLE1-binding motif WRPW to the C-terminus of this deletion restores strong binding to GST-TLE1. A deletion of aa 246-280 from full-length cQin does not weaken binding to GST-TLE1, neither does a deletion of aa 280-339. These results suggest that the TLE1-binding motif extends for approximately 60 residues from aa 243 to 302. The TLEbinding region of Qin does not appear to contain a short TLE-interacting motif like WRPW that is used by other partners of TLE (Chen and Courey, 2000) . The small deletions of aa 246-280 or 280-339 should have affected such a short motif; the fact that these deletions retain binding argues for a more extended region of interaction. However, we cannot rule out the existence of a small motif that is responsible for binding of TLE1 to wild-type Qin. No region in Qin shows strong homology to any known Groucho/TLE-binding motifs. However, Yao et al. (2001) suggest that a BF-1 motif (YWPMSPF) corresponding to aa 269-275 in cQin may have functional or structural similarities to the WRPW/Y motif, since both motifs are rich in aromatic residues and contain prolines.
Our results confirm and expand the studies of Yao et al. (2001) . Their GST pulldown-assays show that a Cterminal deletion of BF-1, ending at aa 336 (corresponding to aa 307 in cQin), and a fragment consisting of aa 241-336 (corresponding to aa 212-307 in cQin) bind to the C-terminal region of TLE1, whereas complete deletion of the BF-1 C-terminal region to aa 275 (corresponding to aa 246 in cQin) abolishes binding.
Confirmation of the interaction between Qin and TLE1 in vivo
We were not able to obtain convincing coimmunoprecipitation data with overexpressed full-length cQin and full-length TLE1. We speculate that either the tagantibody combination interferes with this interaction or that the interaction is too weak compared with other competitive interactions in HEK293 cells. In order to show in vivo interaction between full-length Qin and TLE1, we developed a mammalian two-hybrid assay. We fused full-length cQin or SV40 large T-antigen (SV40T) to the VP16 TAD. Full-length TLE1 and p53 were fused to the Ga14 DBD. VP16-cQin and Table 1 The C-terminal region of TLE1 binds to cQin in the yeast-2-hybrid-system
Transactivation domain constructs
Bait
Gal4-TAD Gal4-TAD-TLE1 2-770 Gal4-TAD-TLE1 302-770 Gal4-TAD-Engrailed 2-297
The numbers in the construct designations mark the first and last amino acids. ND, not done VP16-SV40T did not have any differential effect on a Ga14-dependent promoter when transfected together with Ga14 DBD only. In contrast, VP16-cQin transfected together with Ga14 DBD-TLE1 activated the promoter 16-fold compared to the noninteracting pair VP16-SV40T and Ga14 DBD-TLE1 (Figures 1b and 2 ), suggesting that TLE1 and cQin interact in vivo.
Interaction between Ga14 DBD-p53 and VP16-SV40T GST or GST-TLE1 was incubated with in vitro translated 35 S-Met-labeled Qin proteins; bound proteins were separated by SDS-PAGE and analysed by autoradiography. The upper panel shows 10% of the 35 SMet-labeled proteins that were used, the lower panels show the same proteins pulled down with GST (G) or GST-TLE1 (T). (b) Qin binds to TLE1 in a mammalian two-hybrid assay. Expression constructs for fusion proteins of TLE1 or of p53 to the Ga14 DBD were transiently transfected into HEK293 cells together with a Ga14-dependent promoter and an expression construct for a fusion to the VP16 activation domain of either cQin or SV40T. The graph shows the firefly luciferase reporter activities after normalization to the Renilla luciferase control reporter pRLCMV. Activity of Ga14 DBD with VP16-SV40T was arbitrarily set to 1. Results reflect two (Ga14-p53) or three independent experiments. Transfection of VP16-cQin with Ga14 DBD-TLE1 leads to reporter activation. As a positive control, interaction between VP16-SV40T and Ga14 DBD-p53 activates the reporter served as a positive control, leading to 39-fold activation of a Ga14-dependent promoter compared to the noninteracting pair Ga14 DBD-p53 and VP16-cQin.
Interaction with Qin induces phosphorylation of TLE1
When HEK293 cells were cotransfected with TLE1 and cQin, Western blotting revealed a second 93 kDa TLE1 band above the 90 kDa band seen in cells without cQin (Figure 3a) . Since some transcription factors like Hes1, RUNX1 (Nuthall et al., 2002) , or the paired box protein Pax5 (Eberhard et al., 2000) that bind to TLE proteins are known to induce phosphorylation of TLE, we investigated whether binding to Qin has the same effect. We transiently expressed different Qin proteins in HEK293 cells together with AU1-TLE1, and performed Western analyses on cell lysates with anti-Qin and anti-AU1 antibodies. All Qin-constructs were expressed at similar levels ( Figure 3a) . Full-length cQin as well as a mutant which lacks 112 C-terminal aa (cQ1-339) and the internal deletion mutants cQD246-280 and cQD280-339 efficiently induce phosphorylation of TLE 1 (Figure 3a ). These proteins bind to GST-TLE1 in vitro. Qin mutants that bind TLE1 weakly, cQ1-245 and cQD246-334, induce correspondingly weak phosphorylation (Figure 3a) . The vector alone or the WH domain, which does not bind to TLE1 (not shown), fails to induce phosphorylation. Addition of the TLE1-binding motif WRPW to the weak binder cQD246-334 restores phosphorylating ability. These results suggest that binding of Qin to TLE1 is required for and correlated with Qin-induced TLE1 phosphorylation. The vQin mutant vQinR236A/S196A, that is defective in DNAbinding (Sonderegger and Vogt, 2002, unpublished result) , still induces phosphorylation of TLE1, demonstrating that the ability to interact with DNA is not (Figure 3a) . Similar observations have been made with RUNX1 (Nuthall et al., 2002) . Qin-induced phosphorylation was also detected when cQin and TLE1 were stably expressed in CEF using retroviral RCAS vectors of subgroups A and B. The phenomenon is therefore not cell-type-specific and occurs in transient and stable transfections. We tested whether other proteins that do not bind TLE1 could induce phosphorylation of TLE1. These proteins and TLE1 were coexpressed in CEF. They include the oncoproteins Src, P3K, and Jun and the WH protein forkhead in rhabdomyosarcoma (FKHR). None of these induced phosphorylation of TLE1 as judged by the absence of the characteristic 93 kDa band (Figure 3b) . The weak band visible just above 90 kDa in cells expressing Jun or FKHR is significantly smaller than phosphorylated TLE1 and is probably an artefact.
In order to prove that the slowly migrating TLE1 band is a phosphorylated form of TLE1, we incubated cell extracts with alkaline phosphatase (Figure 3c ). As expected, the slowly migrating band disappeared in the presence of phosphatase. The mobility of the faster migrating band was also enhanced confirming the previously reported basal level of phosphorylation of TLE1 (Husain et al., 1996) .
Nuthall and co-workers showed that casein kinase 2 (CK2) phosphorylates Groucho/TLE in vitro, and CK2 inhibitors abolish this phosphorylation of Groucho/ TLE in vivo (Nuthall et al., 2002) . We tested the same CK2 inhibitors, Chrysin and DRB, in transient transfections of TLE1 and cQin in HEK293 cells, but did not detect an effect on the phosphorylation of TLE1 (not shown). However, we could reproduce inhibition of Ga14 DBD-TLE1-mediated transcriptional repression by DRB and Chrysin (not shown). This observation shows that the inhibitors are effective in HEK293 cells, but their interference with TLE1 function remains to be explained.
TLE1-binding to Qin correlates with Qin-mediated transformation
We tested the possibility that TLE1 binding plays a role in Qin-induced transformation. The Qin deletion mutant cQD246-334 interacts with TLE1 only weakly (Figure 1a) , and its focus forming potential is >100-fold reduced as compared to cQin. Addition of the TLE1-binding motif WRPW to the C-terminus of this mutant restores TLE1 binding (Figure 1a and b) and enhances focus formation by a factor of 10 (Figure 4a ). This result suggests an important function for TLE1 in oncogenic transformation. The fact that focus formation was not completely restored in this experiment could suggest other important functions of the region deleted in cQD246-334 or could reflect the different location of the TLE1-binding site in the WRPW construct.
A role of TLE1 in Qin-induced transformation was also demonstrated with a second fusion protein. We combined the nontransforming N-terminal Qin fragment of aa 1-247 with the N-terminal glutamine-rich Qand glycine/proline-rich GP-domain of TLE1. This part of TLE1 mediates homo-tetramerization and transcriptional repression (Chen and Courey, 2000) . This fusion protein has a strong transforming potential, almost as strong as wild-type cQin (Figure 4a ). This result shows that all functions of the Qin C-terminal region can be replaced by TLE1. The replaced functions probably include transcriptional repression and may extend to other activities like multimerization. All transfected proteins are expressed at similar levels.
TLE1 has growth-enhancing capabilities and induces agar colony formation of CEF
We attempted to demonstrate enhancement of Qininduced transformation by coexpressed TLE1. In these experiments, we discovered a strong growth-promoting potential of TLE1 alone, stably expressed by RCAS in CEF (Figure 5a ). TLE1 induced anchorage-independent growth. It also caused the formation of a small number of foci of transformation (Figure 5b and c) . The growth rate of TLE1 expressing CEF was equal to that of cQin transformed cells (Figure 5d ) and significantly above that of CEF. Endogenous cQin is not detectably expressed in CEF, and TLE1 induces enhanced growth of these cells without forming a double band in SDS-PAGE that would be suggestive of phosphorylation. Phosphorylation appears therefore not a prerequisite for the growth-promoting activity of TLE1. Since inserts in replicating retroviral vectors can mutate, the growthpromoting potential of the TLE1 construct could have been caused by such a mutation. In order to test this possibility, we isolated genomic DNA from three independent TLE1-induced agar colonies and performed PCR with virus-specific primers to amplify the TLE1 gene. Sequence analysis of the complete coding region revealed that all three agar colonies expressed the wild-type TLE1.
Discussion
We have identified the corepressor TLE1 as a binding partner for Qin in a yeast two-hybrid screen, confirming and extending earlier studies with the mammalian homolog of Qin, BF-1 (Yao et al., 2001) . A detailed deletion analysis coupled with GST pulldowns defines the TLE1 binding domain in Qin. The 60 aa located immediately C-terminal to the WH domain of Qin are necessary and sufficient for the interaction with TLE1. The binding of TLE1 to Qin was confirmed in vivo by a mammalian two-hybrid assay. A fragment of Qin (aa 243-339) that still binds to TLE1 fails to mediate homooligomerization in vitro (Sonderegger et al., 2003, accompanying paper) . Oligomerization of Qin may therefore not be a prerequisite for TLE1 binding, in contrast to other transcription factors like AML1-ETO and PLZF-RAR that must oligomerize to bind to corepressors (Minucci et al., 2000; Zhang et al., 2001) .
Oligomerization of cQin might enhance binding to TLE1, which itself tetramerizes. More experiments are required to confirm this supposition. The minimal repression domain in cQin is identical to the minimal TLE1-binding domain (Sonderegger et al., 2003, accompanying paper) . TLE1 might therefore be the factor that is responsible for transcriptional repression by Qin.
TLE1 has a positive effect on Qin-induced transformation and may be required for that oncogenic activity. were transfected into CEF in six-well plates. Cells were overlayed with nutrient agarose, and pictures of stained plates were taken 2.5 weeks later. Numbers were assigned to describe the efficiency of focus formation by the various constructs: '0' corresponds to 'no foci at 1 mg DNA', '1+' to '2-20 foci at 1 mg DNA', '2+' to 2-20 foci at 100 ng DNA', '3+' to 2-20 foci at 10 ng DNA', '4+' to '>20 foci at 10 ng DNA'. (b) Western blot with anti-Qin antibody of whole cell lysates of CEF stably transfected with indicated RCAS(A) constructs. All proteins are expressed at similar levels supply the essential oncogenic functions of the Qin transformation domain. The requirement for TLE1 in Qin-induced oncogenic transformation is also suggested by the observation that in Qin deletions, failure to bind to TLE1 also results in inability to transform.
Overexpression of TLE1 in CEF results in strong growth stimulation. The mechanism of this 'transformation' is not known. There are, however, numerous observations that document differentiation-inhibitory and growth-promoting activities of TLE proteins in other systems. TLE/Groucho proteins are important in Notch signaling that functions as a negative regulator of neuronal differentiation (Weinmaster, 1997; ArtavanisTsakonas et al., 1999) . TLE1 is expressed during the proliferative stage of epithelial cells; expression decreases concomitant with differentiation (Liu et al., 1996) . TLE1 is a negative regulator of postmitotic neuronal differentiation in mammalian forebrain development (Yao et al., 2000) . Upregulation of TLE1 has also been observed in human cancer (Liu et al., 1996; Midorikawa et al., 2002) . Many TLE-interacting proteins can function as transcriptional activators or as repressors, depending on the recruitment of coactivators or corepressors (Chen and Courey, 2000) . It is conceivable that high TLE1 levels disturb a normal equilibrium between activation and repression, imposing transcriptional repression onto inappropriate sites.
TLE1 shows a basal level of phosphorylation (Husain et al., 1996) that is greatly elevated by binding to Qin. Binding to Pax5, to Hes1 or to RUNX1 also results in enhanced phosphorylation of TLE1, but interaction with Engrailed does not (Eberhard et al., 2000; Nuthall et al., 2002) . There are no data on a possible role of TLE1 phosphorylation in Qin-induced oncogenic transformation. Published information suggests a correlation between phosphorylation of TLE1 and cellular replication preceding differentiation (Husain et al., 1996; Yao et al., 1998) . This suggests that phosphorylation could positively regulate the growth-promoting potential of TLE1. The aberrant growth induced by TLE1 in CEF is phosphorylation-independent probably because of the high level of TLE1 expression in this system.
Inhibition of CK2 fails to interfere with Qindependent phosphorylation of TLE1. Therefore, other kinases are likely mediators of this phosphorylation. Phosphorylation of TLE1 is bound to affect its activity and function; it is known to increase localization of TLE1 in the nuclear compartment (Husain et al., 1996; Nuthall et al., 2002) . It is clear however, that much additional work is required to understand the significance of this phosphorylation process.
Materials and methods
Plasmid constructs and retroviruses
The expression constructs for Qin and Qin mutants in pRCAS(A)-SfiI for stable transfections or in pcDNA3-SfiI (Aoki et al., 1998) for transient transfections and in vitro translations have been described (Sonderegger and Vogt, 2002, accompanying paper) . cQD246-334WRPW was created by PCR on cQD246-334. cQD246-334 is an internal deletion of cQin that virtually eliminates TLE1 binding. cQD246-334WRPW extends the C-terminus of this deletion mutant by 5 aa, VWRPW, restoring TLE1 binding. Full-length human TLE1 in pBS-TLE1 was provided by Stefano Stifani (Stifani et al., 1992) . pBSFI-AU1-TLE1 was created by insertion of a BamHI/BstBI-fragment of human TLE1 into pBSFI-AU1-BamHI/ClaI. The SfiI insert was then cloned into pRCAS(A)-SfiI or pcDNA3-SfiI. The following viruses and expression plasmids were used: Prague strain of Rous sarcoma virus, (Duff and Vogt, 1969) , expressing v-src; pEF2-v-jun (Nishizawa et al., 2002, submitted) for v-jun; pcDNA3-FKHR-AU1 for expression of C-terminally AU1-tagged human FKHR (FoxO1a) (Aoki, 2002, personal communication) ; pcDNA3-Myr-D72-c-P3K-Flag for expression of the myristylated and Flag-tagged PI3 kinase homolog P3K (Aoki et al., 2000) . For interaction assays in yeast and for in vitro translation of C-terminal domains of Qin, PCRfragments were inserted into pGBKT7 or pGADT7 (Clontech) using EcoRI at the N-terminus. In yeast cells, pGBKT7 expresses a fusion to the Ga14 DBD (Accession #P04386), aa 1-147, whereas pGADT7 expresses a fusion to the Ga14 TAD, aa 768-881. pGADT7-TLE1 2-770 was created by inserting a NcoI/EcoRI-and a EcoRI/BstBI-fragment of TLE1 into pGADT7-NcoI/ClaI. Drosophila Engrailed aa 2-297 was PCR-amplified and inserted into pGADT7-and pGBKT7-EcoRI/XhoI. For the expression of GST-TLE1 in Escherichia coli, TLE1 was inserted into the BamHI and SmaI sites of pGEX2T (Amersham-Pharmacia Biotech). For expression of fusions of TLE1 or of p53 to the Ga14 DBD in mammalian cells, a BamHI/SalI insert from pBSFI-AU1-TLE1, or aa 72-390 of murine p53 (Accession #NP035770), were cloned into pCMVBD (Stratagene). For the expression of VP16 fusion proteins in mammalian cells, aa 402-479 of the a transinducing protein of human herpes virus 1 (Accession #IXBE1F) were PCR-cloned into the NcoI and BamHI sites of pBSFI-AU1, generating pBSFI-AU1-VP16. After insertion of aa 84-708 of the SV40 large T-antigen (Accession #NP041264) or of cQin into the BamHI and EcoRI sites of pBSFI-AU1-VP16, the SfiI inserts were transferred into pcDNA3-SfiI, for expression of VP16-cQin and VP16-SV40T. pFR-Luc (Stratagene) contains 5 Ga14 binding sites upstream of a TATA-box. Integrity of all constructs was confirmed with restriction analysis, and sequencing analysis was performed whenever PCR polymerases were used. Plasmid DNA was prepared with Plasmid Midi Kits from Qiagen.
Yeast two-hybrid screens
We used a 137 aa region of cQin including the part of the C-terminal region required for transformation (Sonderegger et al., 2003) , fused to the Ga14 DBD, as a bait to screen 1.5 Â 10 5 clones of a cDNA library, expressing fusions to the Ga14 TAD. AH109 yeast cells (Clontech) were sequentially transfected with pGBKT7-cQin243-379 and an oligo(dT)-primed directional human fetal brain cDNA library in pACT2 (Clontech) using a lithium acetate transfection protocol (Gietz et al., 1997) and plated on minimal medium omitting leucine, tryptophan (selection for plasmids), and histidine (selection for interacting proteins), in the presence of 2.5 mm 3-aminotriazole. Colonies were replated on minimal medium without leucine, tryptophan, histidine and adenine. pACT2 plasmid DNA was isolated from yeast clones, amplified in E. coli and retransfected into AH 109 cells together with pGBKT7-cQin243-379 or a negative control, pGBKT7-Lamin (Clontech). Clones expressing proteins specifically interacting with the bait were sequenced.
Focus assays, agar colony assays and growth curves
Stable transfections and focus assays were performed as described (Kawai and Nishizawa, 1984; Sonderegger et al., 2003, accompanying paper) . Expression of the transfected proteins was confirmed by Western blotting or by immunofluorescence using rabbit polyclonal Qin antibody (Li et al., 1995) , rabbit polyclonal c-Jun antibody (USC30-4), monoclonal AU1 (Babco) or monoclonal FLAG-M2 antibody (Sigma). For agar colony assays, 10 4 cells were mixed with 2 ml of nutrient agar consisting of 80% v/v liquid medium (63% 2 Â HAM's F10, 12.5% fetal bovine serum, 6% chicken serum, 12.5% tryptose-phosphate broth, 1.25% l-glutamine/ penicillin/streptomycin solution, 2% vitamin solution, 2% of 0.08% w/v folic acid solution, 0.25% DMSO) and 20% v/v of 1.8% Bactoagar (Difco) and seeded in six-well plates onto 1 ml of solidified nutrient agar. Cells were overlayed with 1 ml nutrient agar every 2-3 days for 3 weeks. For growth curves, cells were seeded in growth medium at 10 5 per 35 mm well and overlayed the next day with nutrient agarose. Daily cell counts were obtained after trypsinization of cells from sample wells.
Mammalian two-hybrid screens
A total of 100 ng pFR-Luc, 150 ng pCMVBD-construct, 150 ng of a pcDNA3-construct for expression of a VP16 fusion, and 2 ng pRLCMV (Promega) were transfected into HEK293 cells in 24-well plates using polyfect (Qiagen) as described (Sonderegger et al., 2003, accompanying paper) .
Western blotting and phosphatase treatment
Cells from six-well plates were washed with phosphatebuffered saline and lysed in 200 ml lysis buffer, and proteins were separated by SDS-PAGE, followed by Western blotting as described (Sonderegger et al., 2003, accompanying paper) . For phosphatase treatment, TLE1 was immunoprecipitated with anti-AU1 and protein-G-sepharose from 70 mg cell lysate of cells cotransfected with TLE1 and Qin-expression plasmids and then treated with 10, 30 or 60 U calf intestinal phosphatase (New England Biolabs) in 80 ml of 50 mm Tris-HCl pH 7.9, 10 mm MgCl 2 , 100 mm NaCl, 1 mm DTT for 20 min at 371C, followed by SDS-PAGE and Western blotting.
Genomic PCR cloning of stably integrated human TLE1 from CEF agar colonies Single large agar colonies created from cells transfected with RCAS(A)AU1-TLE1 were picked and expanded. Genomic DNA was isolated with the QIAamp DNA Mini Kit (QIAGEN) following the manufacturer's tissue protocol. TLE1 was amplified in the presence of 10% DMSO, at an annealing temperature of 581C, with PfU polymerase (Stratagene) and RCAS forward (5 0 -TGTTGCTAGTAGT-GTGCCTGCCTTGCCTTTTGC) and reverse primers (5 0 -CCCGCTTTTCGCCTAAACACACCCTAGTCCC). These primers are derived from the env gp37 coding region and a region close to the downstream LTR of RCAS, respectively. The 2.8 kB product of each clone was digested with SfiI, cloned into pBSFI and sequenced completely with several internal primers.
GST pulldowns
GST or GST-TLE1 fusions were expressed in E. coli and GST pulldowns of in vitro translated 35 S-methionine-labeled Qin proteins were performed as described (Sonderegger et al., 2003, accompanying paper) . J1874-GEN from the Austrian Science Foundation FWF Austria. This is manuscript number 14969-MEM at The Scripps Research Institute. We thank S Stifani for a kind gift of TLE1.
